of this marker, we identified a C. elegans Liprin gene,
syd-2, that regulates the size of the electron-dense pre-1986). To visualize the presynaptic terminals of the GABAergic DD and VD motor neurons, we expressed synaptic active zones (Zhen and Jin, 1999). SYD-2 appears to be localized to or near the presynaptic active the GFP-tagged synaptic vesicle marker under the promoter of the C. elegans glutamic acid decarboxylase zone. We report here that loss-of-function mutations in gene unc-25 (P unc-25 SNB-1::GFP, genotype designated the rpm-1 gene ( regulator of presynaptic morphology, juIs1) (Zhen and Jin, 1999). In wild-type animals, GFP is originally named syd-3 by us) result in abnormally strucobserved as distinct fluorescent puncta of 0.2-0.5 m tured presynaptic terminals in GABAergic NMJs. rpm-1 in diameter that are distributed evenly along the dorsal encodes a protein that is homologous to Drosophila and ventral nerve cords ( Figures 1A and 1B were isolated in a screen for abnormal presynaptic terminals using the P unc-25 SNB-1::GFP marker (see ExperiResults mental Procedures). Two additional alleles, ky340 and ky346, were identified using a sensory neuron-specific Mutations in rpm-1 Alter the Distribution marker (G. Crump and C. Bargmann, personal communiof Synaptic Vesicle Markers cation). All rpm-1 mutations were recessive. In rpm-1 C. elegans NMJs are formed en passant between the mutants, the total number of the synaptic vesicle GFP motor neuron processes and specialized branches of puncta was reduced to various extents, and regions along the dorsal and ventral nerve cords often contained the muscle cells, called muscle arms (White et al., 1976, no GFP puncta ( Figures 1C and 1D ). For example, in unc-5(e53) animals ( Figures 1E and 1F ). This observation rpm-1(ju23) animals, there were 80 and 110 GFP puncta suggests that the abnormal synaptic vesicle GFP exin the dorsal and ventral cords, respectively (n ϭ 2), pression in rpm-1 mutants reflects an altered localizacompared with 150 puncta in either the dorsal or ventral tion of endogenous presynaptic proteins. cords in wild-type animals (n ϭ 2). The remaining GFP
The overall axonal morphology of most ventral cord puncta were variable in size and shape (Figures 1C and motor neurons appeared normal, as examined by anti-1D). The defects of the synaptic vesicle GFP marker GABA antibodies and GFP constructs (data not shown). were 100% penetrant, but the positions of abnormally However, we observed abnormal axonal morphologies shaped GFP puncta varied between individual animals, in other types of neurons. For example, in rpm-1(ju23) even among those of the same genotype. The mutant animals, the anterior processes of the ALM mechano-GFP puncta patterns in animals homozygous for ju23, sensory neurons extended beyond their normal stopju24, ju33, ju41, and ju48 were similar and did not show ping positions and grew extra branches (64 of 74 ju23 obvious differences from 15ЊC to 25ЊC. In these mutants, animals, compared with 6 of 59 wild-type animals) (Figthe abnormally shaped GFP puncta of the DD neurons ures 1G and 1H). The nerve processes of three SAB were more severe than those of the VD neurons. Furthermotor neurons also frequently showed abnormal axonal more, the mutant phenotypes of homozygous ju23 and trajectory (data not shown). At gross level, rpm-1 mutant ju41 animals were less severe than those of ju23/Df and animals were slightly smaller than wild-type animals and ju41/Df animals (data not shown), suggesting that these displayed no abnormality in locomotion, egg laying, defalleles are not null mutations.
ecation, pharyngeal pumping, and male mating. In pharrpm-1(ju44) homozygous animals displayed a tempermacological assays, rpm-1(ju24) and rpm-1(ju41) aniature-sensitive mutant synaptic vesicle GFP pattern. At mals showed the same sensitivity to aldicarb, an the permissive temperature (15ЊC), the number of fluoinhibitor for acetylcholinesterase, as wild-type animals rescent puncta was reduced to 80% of that in wild-type (Nguyen et al., 1995) (data not shown), suggesting that animals (120 puncta/dorsal cord in ju44, n ϭ 2; 150 cholinergic synaptic transmission is largely unaffected. puncta/dorsal cord in wild type, n ϭ 2), and the abnormally shaped fluorescent puncta were only seen at some rpm-1 Mutations Also Affect the Distribution presynaptic terminals of DD neurons. At the restrictive of Postsynaptic GABA Receptors temperature (25ЊC), the total number of fluorescent rpm-1 mutations were isolated based on altered patpuncta for both DD and VD neurons was reduced to terns of a presynaptic marker. Studies of NMJs in Dromore than half of that in wild-type animals (50 puncta/ sophila and vertebrates have shown that the differentiadorsal cord in ju44, n ϭ 2; 150 puncta/dorsal cord in tion of pre-and postsynaptic terminals is coupled wild type, n ϭ 2), and most of the remaining fluorescent (Gramates and Budnik, 1999; Sanes and Lichtman, puncta were abnormally large ( Figure 1D ). This tempera-1999). We therefore asked if rpm-1 mutations also affect ture-sensitive phenotype of ju44 was recessive because postsynaptic components. The C. elegans unc-49 gene at 25ЊC, ju44/ϩ heterozygous animals exhibited normal produces several subunits of a heteromeric GABA re-GFP pattern. At 25ЊC, the defective GFP patterns in ju44/ ceptor (Bamber et al., 1999) . In wild-type animals, a Df heterozygous animals and ju44/ju44 homozygous anfunctional GFP-tagged UNC-49 subunit, UNC-49B::GFP, imals were indistinguishable from each other. Moreover, was concentrated postsynaptically at GABAergic NMJs the defective GFP patterns in ju41/Df and ju41/ju44 at and appeared evenly distributed along the nerve cords 25ЊC were also comparable, suggesting that ju44 be-( Figure 1I ). In rpm-1(ju23) and rpm-1(ju41) animals, the haves as a genetic null mutation at 25ЊC. Thus, the mu-UNC-49B::GFP fluorescent puncta were clustered in tant phenotype of ju44 at 25ЊC may closely represent some regions, while absent in others along the nerve the null phenotype of rpm-1. cords ( Figure 1J ). This altered UNC-49B::GFP pattern in To determine if rpm-1 mutations affected the distriburpm-1 mutants resembles that of the synaptic vesicle tion of other presynaptic components, we examined the GFP expression, suggesting a coordinated effect of expression of synaptotagmin (SNT-1) by immunocytorpm-1 on the integrity of these NMJs. chemistry. In wild-type animals, SNT-1 localizes to all neuronal presynaptic terminals (Nonet et al., 1993). At
The Abnormally Shaped Synaptic Vesicle GFP gross level, SNT-1 expression in rpm-1(ju23) animals Puncta in rpm-1 Mutants Contain Multiple looked similar to that in wild type (data not shown). The Presynaptic Structures broad expression of SNT-1 precludes the analysis of its Previously, we showed that a C. elegans Liprin protein, distribution at a single synapse. We therefore compared SYD-2, appears to be localized in or near the presynaptic SNT-1 expression in the ectopic lateral NMJs of unc-5 active zones (Zhen and Jin, 1999). In immunocytochemianimals. unc-5 encodes a netrin receptor (Leung-Hagecal images of a wild-type GABAergic NMJ, one fluoressteijn et al., 1992). In unc-5 mutants, the dorsal branches cent punctum of SYD-2 protein is surrounded by a of some ventral cord motor neurons frequently fail to cluster of synaptic vesicles (Figure 2A ). To further underreach the dorsal cord and form NMJs at lateral positions.
stand the synaptic defects in rpm-1 mutants, we examThese ectopic NMJs are spaced apart along the body ined the coexpression pattern of SYD-2 and SNB-1::GFP and have normal ultrastructure (Hedgecock et al., 1990) .
at the DD and VD presynaptic terminals of rpm-1(ju44ts) We found that SNT-1 expression at the ectopically raised at 25ЊC and of rpm-1(ju23) animals at 22.5ЊC (see formed NMJs in unc-5(e53); rpm-1(ju23) and unc-5(e53); Experimental Procedures). In these rpm-1 mutants, the rpm-1(ju41) animals resembled that of the synaptic vesisynaptic terminals that had normal shaped SNB-1::GFP cle GFP marker in unc-5(e53); rpm-1(ju23) animals; in particular, some SNT-1 puncta were larger than those in puncta exhibited normal colocalization of SYD-2 and GABAergic NMJs from rpm-1 mutants exhibited abnormalities in the presynaptic terminal morphology (Table  1) . We categorized the ultrastructural defects into two classes: the "overdeveloped" class included those that contained more than two individual electron-dense presynaptic active zones within the same varicosity ( Figures  3C and 3D) ; the "underdeveloped" class were those that had few synaptic vesicles and instead were filled with electron-dense debris-like material ( Figures 3E and 3F) . The presynaptic terminals with multiple active zones likely correspond to the abnormal synaptic vesicle GFP puncta that contain multiple SYD-2 puncta ( Figures 2C  and 2D ), and those with few or no synaptic vesicles may correspond to the regions that lack the synaptic vesicle GFP puncta (Figures 1 and 2B) . In wild-type GABAergic NMJs, each presynaptic terminal is surrounded by one to four muscle arms, and the electron-dense presynaptic active zone is positioned opposing only one of the muscle arms (n ϭ 24). In rpm-1 animals, the number of their expression patterns than observed for GABAergic In the synaptic terminal regions that lacked SNB-1::GFP, NMJs (data not shown). In synapses made between SYD-2 was mostly undetectable, although occasionally neurons, some presynaptic terminals contained eleca SYD-2 punctum was found not associated with SNBtron-dense debris and few 30-35 nm synaptic vesicles 1::GFP ( Figure 2B ). These results suggest that the abnor-(18 of 21 synapses in ju41; 6 of 10 synapses in ju44 at mally shaped SNB-1::GFP puncta in rpm-1 mutants may 25ЊC; and 0 of 15 synapses in N2). We did not observe represent a cluster of several presynaptic terminals and presynaptic terminals with multiple active zones at neuthat the regions that lack SNB-1::GFP puncta may conron-neuron synapses. tain immature or defective presynaptic terminals.
In summary, our phenotypic analyses at the light To confirm the presynaptic defects in rpm-1 mutants, and EM levels reveal that different types of synapses we examined the morphology of GABAergic NMJs from are differentially affected by rpm-1 mutations. At the electron micrographs of serial ultrathin sections. The GABAergic NMJs, the predominant mutant phenotype presynaptic terminals of the wild-type GABAergic NMJs is a large presynaptic terminal containing multiple preare seen as varicosities en passant along the axons at synaptic active zones. the interface between the muscles and the nerve cords. To understand how rpm-1 mutations affect the funcThe H778A mutation does not alter protein stability because transgenes carrying rpm-1(H778A)::GFP or rpmtion of the protein, we determined the molecular lesions in rpm-1 alleles. Four strong mutations, ju23, ju24, ju33, 1::GFP (pCZ161), in which GFP is inserted in-frame at Ala-2439 and does not affect rpm-1 rescuing activity and ju41, cause stop codon mutations at residues 950, 2634, 3321, and 3563, respectively ( Figures 5A and 5C) . (Figure 4) , showed equivalent levels of GFP expression (data not shown). We found that transgenes containing Since rpm-1 transgenes containing various truncations of the locus failed to rescue rpm-1 (Figure 4 ; data not rpm-1(H778A) or rpm-1(H778A)::GFP were unable to rescue rpm-1(ju23) (Figure 4) . Thus, our results suggest shown), the nonnull nature of these mutations may be due to the low level of full-length protein produced as that the product from the duplication cannot replace or compensate for the function of RPM-1 and that the the result of the readthrough. ju44 alters a conserved cysteine (Cys-3675) to a tyrosine, and ky346 alters a existence of this partial duplication does not affect our conclusions regarding the function and null phenotype conserved arginine (Arg-3597) to a cysteine ( Figure 5C ). Both mutations are temperature sensitive. ju44 behaves of the rpm-1 locus. Moreover, the H778A mutation study indicates that the RCC1-like GEF domain is required for genetically as a null mutation at 25ЊC, suggesting that the C3675Y change in ju44 may make the protein unsta-RPM-1 function. ble at the restrictive temperature and result in a protein null mutant.
RPM-1 Is Localized to the Presynaptic Terminal Region
In the course of analyzing the DNA sequences from rpm-1(ju23) animals, we found that part of the rpm-1
To determine how rpm-1 might function, we examined its expression pattern using a functional RPM-1::GFP genomic locus has undergone a tandem duplication. -1, did not rescue rpm-1(ju23) (0 of 8 lines) .
due to low levels of endogenous RPM-1 protein or to low affinity of our anti-RPM-1 antibodies. In transgenic found that RPM-1::GFP localization was not changed in unc-104 mutants, which are defective in synaptic vesicle animals that overexpressed the functional RPM-1::GFP, both the anti-RPM-1 and anti-GFP antibodies gave identransport (Hall and Hedgecock, 1991) (data not shown). Thus, we conclude that RPM-1 is localized to presynaptical patterns and showed that RPM-1::GFP was localized in distinct subcellular regions of the nervous systic regions independent of synaptic vesicles. tem. Strong RPM-1::GFP expression was seen in the nerve ring and nerve cords (Figures 6B-6D) but not in RPM-1 Functions Cell Autonomously in Presynaptic Neurons commissural processes that do not form synapses. RPM-1::GFP expression was occasionally found in rpm-1 mutants exhibit defects in both presynaptic structures and the localization of a postsynaptic marker. Alsome neuronal cell bodies but was excluded from nuclei. Because we did not detect endogenous RPM-1 immuthough our expression studies did not reveal any expression of RPM-1 in muscle cells, we could not rule out the noreactivity in cell bodies, the presence of RPM-1::GFP at the cell bodies may be due to overexpression from possibility that a very low level of RPM-1 may be present and function in postsynaptic cells. We performed two the transgenes.
To assess the spatial distribution of RPM-1 with readditional experiments to address whether rpm-1 is required pre-or postsynaptically. First, we used the uncspect to other synaptic proteins, we costained the transgenic animals with anti-SNT-1 antibodies and anti-GFP 25 promoter to drive rpm-1 expression specifically in VD and DD motor neurons in rpm-1(ju23) animals. This antibodies. Analysis of confocal images revealed that RPM-1::GFP was localized adjacent to SNT-1 in preunc-25 promoter is only active in the D neurons and in four RME cells (Jin et al., 1999). We observed a complete synaptic terminals ( Figure 6E ). We also coexpressed RPM-1 and SNB-1::GFP in the GABAergic DD and VD rescue of the abnormal patterns of both the presynaptic vesicle GFP marker and postsynaptic UNC-49B::GFP neurons specifically and found that RPM-1 and SNB-1::GFP were present in nonoverlapping regions at indimarker (data not shown). Second, we performed genetic mosaic analysis with rpm-1(ju23) animals carrying an vidual GABAergic NMJs ( Figure 6F ). This expression pattern suggested that RPM-1 was not associated with extrachromosomal array containing the cosmid C01B7 and a cell-autonomous marker, SUR-5::GFP (Yochem synaptic vesicles. Supporting this interpretation, we 
et al., 1998). All 13 mosaic animals that lost the rpm-1(ϩ)
25ЊC. In rpm-1(ju44) animals at the permissive temperature (15ЊC), the number of synaptic vesicle GFP puncta array in neurons, but not in the muscles, had abnormal for VD neurons was slightly reduced (120 puncta/ventral synaptic vesicle GFP puncta. By contrast, all 12 animals cord in ju44, n ϭ 2; 150 puncta/ventral cord in wild type, that lost the array in muscles, but not in neurons, showed n ϭ 2), but the puncta had normal shape nonetheless a wild-type pattern of the synaptic vesicle GFP marker.
( Figure 7C ). At the nonpermissive temperature (25ЊC), These data indicate that RPM-1 functions presynaptithere was a great reduction in the number of GFP puncta cally in a cell-autonomous manner. Moreover, the post-(55 puncta/ventral cord in ju44, n ϭ 2; 150 puncta/ventral synaptic defect in the GABA receptor localization in cord in wild-type, n ϭ 2), and 80% of these GFP puncta rpm-1 mutants is caused through a cross-talk originated were abnormally large ( Figure 7B ). This temperaturefrom the neuron. sensitive phenotype is due to rpm-1 because it was fully rescued by a wild-type rpm-1 transgene introduced into RPM-1 Is Required at the Time ju44 animals (data not shown). When rpm-1(ju44) aniof Synaptogenesis mals grown at 15ЊC were shifted to 25ЊC before the The defects in presynaptic structures in rpm-1 animals L2 stage, the synaptic vesicle GFP puncta for the VD could be caused by defects during the formation or neurons were mostly abnormal. When rpm-1(ju44) animaintenance of synapses. To address this question, we mals grown at 25ЊC were shifted to 15ЊC before the asked when rpm-1 function was required for normal L1-L2 stage, the synaptic vesicle GFP puncta for the synapse morphology. The VD motor neurons are born VD neurons were mostly normal. Thus, both temperature at the end of the first larval (L1) stage, and their NMJs upshift and downshift experiments identified an rpm-1 are made around the end of the L1 and early L2 stages temperature-sensitive period around the L2 stage (Fig-(Sulston, 1976) 
larvae to adults (Jorgensen and Rankin, 1997). It is cur-2000; G. Crump and C. Bargmann, personal communication). Our analysis of the GABAergic
NMJs has revealed rently unknown whether these later NMJs are formed de novo or by growing from existing NMJs. We observed that loss of rpm-1 function causes two types of defects: overdeveloped presynaptic terminals that contain multino obvious changes in the shape and size of the synaptic vesicle GFP puncta in the same rpm-1(ju44) animal ple presynaptic active zones and underdeveloped presynaptic terminals that have few synaptic vesicles. In (shifted to 25ЊC from early L1) over a period of 3 days (L4 to 2-day-old adults, n ϭ 15), suggesting that rpm-1 the strongest mutant background (rpm-1(ju44) at 25ЊC), both types of abnormality are present, and the overdedoes not affect synaptic addition during this growth period. Our data support a role of RPM-1 in the initial veloped presynaptic terminals appear to be predominant. Interestingly, part of the rpm-1 locus is duplicated formation of presynaptic terminals.
in the genome and is predicted to encode a protein that would contain the N-terminal half of RPM-1. It is possible Discussion that double mutants for both rpm-1 and this duplication may have more severe defects than do rpm-1 mutants At presynaptic terminals, a large number of synaptic vesalone, which remains to be determined. However, our icles are clustered in an orderly fashion around electrontransgenes, which mimic this partial duplication, did not dense presynaptic active zones. How such specialized rescue any of the defective synaptic vesicle GFP pattern subcellular structures are formed is poorly understood.
in GABAergic NMJs of rpm-1 mutants, suggesting that We have shown here that the C. elegans rpm-1 regulates the duplication cannot functionally replace rpm-1 during presynaptic terminal organization at GABAergic NMJs.
GABAergic NMJ formation. Loss-of-function mutations in rpm-1 result in abnormal rpm-1 is widely expressed in the nervous system. presynaptic terminals that either contain multiple active Different types of neurons appear to be affected in differzones or appear underdeveloped, with few synaptic vesent manners and to different extents in rpm-1 mutants. icles. RPM-1 and the Drosophila HIW and the mammaThe defects in cholinergic NMJs are similar to, but less lian Pam define a new family of proteins. RPM-1 is localsevere than, those of GABAergic NMJs, and the abnorized to presynaptic terminal regions independent of mal presynaptic terminals either contain few vesicles or synaptic vesicles and functions in neurons during NMJ have elongated presynaptic active zones. We observed formation. We propose that RPM-1 signaling may reguno obvious axonal morphological defects in GABAergic late the spatial arrangement of presynaptic terminals or and cholinergic motor neurons of the ventral nerve cord. restrict the development of presynaptic terminals. All three proteins contain a domain that is moderately with the early rpm-1 temperature-sensitive period and related to RCC1. Our analysis of the RPM-1::H778A normal behaviors of rpm-1 mutants, suggests that the transgene shows that this domain is required for RPM-1 underdeveloped presynaptic terminals in rpm-1 mutants function. RCC1 is a GEF for the Ran GTPase and reguis likely the result of failure in the initial formation, not lates nuclear transport (Bischoff and Ponstingl, 1991) . in the maintenance, of synapses.
The mammalian protein p619, which bears an RCC1-like domain, can regulate several GTPases, including Ran, Arf, and Rab (Rosa et al., 1996) . The promiscuous rpm-1 Function in NMJ Formation C. elegans NMJs are formed en passant between neu-GEF specificity of RCC1-like domains and the synaptic localization of RPM-1 suggest that rpm-1 is unlikely to ronal processes and adjacent specialized muscle processes known as muscle arms (White et al., 1976, 1986) .
activate the C. elegans Ran. large size of RPM-1 would enable it to act as a scaffold suggests that the partial copy of rpm-1 is transcribed; however, the exact identity of this gene is unknown.
for a multiprotein complex, and a function in protein degradation would be consistent with a role in restricting the formation or arrangement of presynaptic structures.
Site-Directed Mutagenesis
The RPM-1::H778A point mutation was generated following stan- 
Experimental Procedures
The sequences of the mutated fragment were determined. A SacINcoI fragment containing the mutation then replaced the correStrains and Genetics sponding fragment in pCZ160. C. elegans was grown on NGM plates as described (Brenner, 1974). ju23, ju24, ju33, ju41, ju44, and ju48 mutations of rpm-1 were isolated at 22.5ЊC from sem-4(n1376); juIs1 animals treated with ethyl methIdentification of rpm-1 Mutations anesulfonate and shown to be allelic by mapping and noncomplerpm-1 genomic DNA, including all exons and exon-intron junctions, mentation test. Briefly, F2 progeny from ‫0005ف‬ mutagenized haploid was amplified from rpm-1 mutant and wild-type animals. DNA segenomes were examined for the expression of juIs1 under Nomaski quences were determined using 33 P-labeled primers and the fmol fluorescence microscope. Animals that had abnormal patterns of sequencing kit (Promega). All mutant lesions were confirmed on the GFP puncta were recovered. rpm-1 was mapped to dpy-11 uncboth strands from DNAs prepared in independent PCRs. Sequences 42 on chromosome V based on the following data: from rpm-1(ju23)/ of primers and specific nucleotide changes are available upon redpy-11(e224)unc-42(e270) animals, 15 of 44 Unc non-Dpy recombiquest. nants and 24 of 28 Dpy non-Unc animals segregated rpm-1; from rpm-1(ju23)/dpy-11(e1180)mom-2(or42) animals, all 6 Dpy non-GFP and Immunocytochemistry Analysis Mom recombinants segregated rpm-1. rpm-1 is uncovered by defiThe DNA for the C-terminal 260 amino acid (M3232-I3492) of RPM-1 ciencies mDf1, stDf29, and stDf47 but not by nDf31 and eDf1. oxIs22 was generated by PCR and fused in-frame with glutathione S-transcontains an integrated transgene of the functional UNC-49B::GFP ferase in pGEX1T (Pharmacia). The RPM-1-GST fusion proteins marker. juIs330 contains an integrated array of [P unc-25SYD-2(ϩ);
were purified as inclusion bodies and immunized in rats (Harlow and pRF4] (Zhen and Jin, 1999).
Lane, 1999). Anti-RPM-1 antisera (Cocalico) were affinity purified against GST and RPM-1-GST that were immobilized on nitrocelluCloning of rpm-1 lose membrane. Whole-mount immunofluorescent staining was Cosmids were from the Sanger Centre, Hinxton, UK. DNA preparaperformed on animals fixed in 1% paraformaldehyde following the tion and subcloning were performed following standard procedures protocol as described (Finney and Ruvkun, 1990). Double immuno- (Sambrook et al., 1989) . pCZ160 contained an 18 kb PstI-SalI fragfluorescent staining with anti-SYD-2 and anti-GFP antibodies was ment from cosmid C01B7 and rescued rpm-1 fully. pCZ161 was performed as described (Zhen and Jin, 1999). Cy5-or FITC-conjugenerated by inserting a 1.0 kb PstI fragment containing GFP (progated secondary antibodies (Cappel) were used at 0.375 g/l. GFP vided by A. Fire) into pCZ160; however, GFP could only be detected was observed using an HQ-FITC filter (Chroma) under the 63ϫ obby immunofluorescent analysis using anti-GFP antibodies. pCZ163 jective of a Zeiss Axioskop fluorescence microscope. Images of was generated by digesting pCZ160 with SplI and blunt ending the immunocytochemistry samples were collected using a Leica confosite with Klenow. pCZ168, pCZ169, and pCZ170 were generated cal microscope. from pCZ160 by simple digestion and religation. The sequences of cDNAs yk349b12, yk397f1, and yk194f8, isolated by C. elegans EST Mosaic Analysis database, confirmed the predicted rpm-1 gene structure between Strains containing rpm-1(ju23); juIs1; Ex[C01B7 (rpm-1)ϩ SURamino acid 2850 and 3ЈUTR; and the region between amino acid 5::GFP] were generated by injecting rpm-1(ju23); juIs1 animals with 1775 and amino acid 2466, which spans the duplication breakpoint, 20 ng/l C01B7 cosmid DNA and 50 ng/l SUR-5::GFP. SUR-5::GFP was confirmed by RT-PCR products. The P unc-25 rpm-1 construct was is expressed in all somatic cell nuclei (Yochem et al., 1998) . Mosaic made by inserting a 1.2 kb unc-25 promoter in front of the predicted animals that retained rpm-1(ϩ) in AB but not P 1 lineages expressed initiation ATG of rpm-1 genomic DNA. SUR-5::GFP in neurons but not muscles; mosaic animals that reGermline transformation was performed following standard protained rpm-1(ϩ) in P 1 but not AB lineages expressed SUR-5::GFP cedures using 20-50 ng/l rpm-1 DNA and 50 ng/l pRF4 coinjection in muscles but not neurons. marker (Mello et al., 1991) . Integrants of RPM-1::GFP (juIs58) were obtained by an x-ray-induced mutagenesis of transgenic lines containing juEx91 [pCZ161; pRF4] and were backcrossed multiple times EM Fixation and Analysis before use. CZ333 juIs1, CZ454 rpm-1(ju41); juIs1, CZ455 rpm-1(ju44); juIs1 young adult animals were fixed in parallel using glutaraldehyde and osmium as described (Jin et al., 1999). Fixed worms were first cut Partial Duplication of rpm-1 We realized that part of rpm-1 might be duplicated because the with glass knives at the posterior pharyngeal bulb. Regions between the posterior pharyngeal bulb and the vulva were cut with diamond G6224A alteration in the ju23 mutation was always accompanied by the wild-type nucleotide. The partial sequences of cDNA yk238a8 knives, and 200-400 serial thin sections of 50-60 nm thickness were collected for each sample. The ventral and/or dorsal nerve cords generated by the C. elegans EST database match the potential
